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[57] ABSTRACT 
The present invention relates to coating compositions 
containing multifunctional acrylate monomers. acrylic 
monomers and colloidal silica. Silanes are absent from 
these coating compositions. Transparent. abrasion resis 
tant coatings result fr-“n the cure. either by ultraviolet 
light or electron beam radiation. of these compositions. 

_ 21 Claims, N0 Drawings 
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RADIATION CL'RABLE ABRASION RESISTANT 
COATINGS FROM COLLOIDAI- SILICA AND 

ACRYLATE MONOMER 

BACKGROUND OF THE INVENTION 

This invention relates to a radiation curable protec 
tive coating composition. More speci?cally. it relates to 
a silane free coating composition which. when applied 
to a substrate and radiation cured. forms a protective. 
abrasion resistant. weather resistant. ultraviolet light 
resistant. transparent coating ?rmly held thereon. In 
addition. substrates coated with this composition may 
be tinted and/or dyed. Current markets for such coat-. 
ings are well established and will expand as the abrasion 
resistance and weatherabiltty of these coatings is im 
proved. 
The use of silanes as major components in abrasion 

resistant coating compositions is well known. For exam 
ple. US. Pat. No. 3.986.997. issued Oct. 19. 1970. and 
assigned to Dow Corning Corporation. Midland. MI. 
and L'.S. Pat. Nos. 4.309.319 issued Jan. 5. 1982. and 
4.43o.85l issued Mar. 13. N34. and assigned to General 
Electric Company. Waterford. N.Y.. describe thermally 
cured abrasion resistant coatings formed from mixtures 
of colloidal silica and alkoxy silanes. 

Later. acrylates were introduced into abrasion resis 
tant coating compositions. to allow such compositions 
to be radiation cured. The introduction of acrylates 
necessitated the replacement of the alkoxy silanes used - 
in the thermally cured compositions with silanes capa 
ble of reacting with acrylates such as acryloxy and/or 
glycidoxy functional silanes. Such compositions are 
described. for example. in L'.S. Pat. Nos. 4.486.504. 
issued Dec. 4. 1984. and 4.455.205. issued June 19. 1984. 
and assigned to General Electric Company. Waterford. 
NY. These patents disclose radiation curable coating 
compositions prepared from the addition ofa multifunc 
tional acrylate monomer to a mixture of acryloxyfunc 
tional silanes. and/or glycidoxy functional silanes and 
colloidal silica. 

L'ntil recently. silanes were thought to be necessary. 
but costly components of all abrasion resistant coating 
formulations. The use of silanes. however. has been 
eliminated where colloidal silica dispersed in an organic 
solvent is used. Japanese Kokai Patent No. 
Shoo3[l988]-2864OQ issued Nov. 24. 1988. discloses a 
method for manufacturing a curable resin composition 
which contains an a. B-unsaturated carboxylic acid 
compound and colloidal silica. These coatings. how 
ever. have one major drawback. They do not allow 
aqueous dispersions of colloidal silica to be used. Since 
aqueous colloidal silicas are. by far. the most common 
and readily available, a major segment of the colloidal 
silica market is excluded. 

Thus. it would be highly desirable in both an eco 
nomic and commercial sense if the relatively costly 
silanes could be eliminated from abrasion resistant coat 
ing formulations which contain aqueous dispersions of 
colloidal silica, while the abrasion resistance of such 
coating compositions, is maintained or improved. 

It is important to note that US. Pat. No. 4.348.462. 
issued Sep. 7. 1982, and assigned to General Electric 
Company. Waterford. N.Y.. states in the Background 
section of the specification. that. 

"[Allthough it has been known that colloidal silica 
can be incorporated into heat cured coating sys 

2 
tems. the present invention demonstrates for the 
first time that such colloidal silicas can be utilized 
to improve the abrasion resistance of ultraviolet 
light curable coatings. These results are accom 
plished through the speci?c combination of colloi 
dal silica with acryloxy functional silanes or water 
miscible hydroxy acrylates. or preferably both. 
with catalytic amounts of UV sensitive photoinitia 
tors". 

10 

No additional references are contained or implied in 
the aforementioned patent concerning the possibility of 
a coating composition containing only colloidal silica 
and water miscible hydroxy acrylates along with photo 
initiators. To be anticipatory of a claimed invention. a 
reference must contain sufficient technical information 
to describe the claimed invention to a person of ordi 
nary skill in the art to which the claimed invention 
pertains and to enable such a person to make and use the 
claimed subject matter. without ?rst having to perform 
extensive experimentation or make an unobvious contri 
bution. Thus. in the aforementioned patent, there is 
nothing that would teach how to make a silane free 
coating composition or even that a silane free abrasion 
resistant coating composition could exist at all. It is 
assumed. particularly in view of the fact that it took 
more than six years from the issuing date of the afore 
mentioned patent. before any claims directed at a silane 
free abrasion resistant coating composition surfaced. 
(see Japanese Kokai Patent No. Sho63[l988]-286409 
issued Nov. 24. 1988). that persons of ordinary skill in 
the art. after reading the questionable disclosure con 
tained in US. Pat. No. 4.348.462. could not make a 
silane free abrasion resistant coating composition with 
out first conducting extensive experimentation. 
The present invention teaches not only that transpar 

ent. abrasion resistant coating compositions containing 
colloidal silica. water miscible hydroxy acrylates and 
multifunctional acrylates may be prepared. without the 
use of silanes. but that other specified organic com 
pounds function in place of. or in conjunction with. 
water miscible hydroxy acrylates. such as water immis 
cible hydroxy acrylates and cyclic ethers. 

45 SUMMARY OF THE INVENTION 

Accordingly. it is one object ofthe present invention 
to provide a silane free abrasion resistant coating for 
solid substrates. Another object ofthe present invention 
is to provide a silane free abrasion resistant coating 
composition in which aqueous dispersions of colloidal 
silica may be used. Yet another object of this invention 
is to provide an electron beam or ultraviolet light radia 
tion curable coating composition for solid substrates 
which. when applied to a substrate, provide an im 
proved abrasion resistant surface thereon. 
These and other objects are accomplished herein by a 

silane free radiation curable coating composition com 
prising; 

(A) at least one multifunctional acrylate monomer; 
(B) an organic compound selected from the group 

consisting of: ' 

(i) hydroxy acrylate or mixture thereof. selected 
from the group consisting of 

40 
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dipentaerythritol (monohydroxy) pentaacrylate. 
These multifunctional acrylate monomers are commer 

and cially available from Aldrich Chemical Company. Inc.. 
Milwaukee. Wis. 
The second component (B) of this composition com 

prises an organic compound selected from the group 
consisting of hydroxy acrylate. or mixture thereof. cyc 
lic ether. or mixtures thereof. and any combination of 
the above organic compounds. The hydroxy acrylate. 

‘0 or mixtures thereof. is selected from the group consist 
(ii) cyclic ether or mixtures thereof. having the 

general formula 
ing of 

ii’ 
CH_~=C--C-O—R"—-CH—CH; HIC=C_COOR‘ 

R] \ / 15 RI 

and 
(iii) mixtures of (i) and (ii): wherein: 

R] is hydrogen or a monoyalent hydrocarbon radical; 0 
R3 and R‘are selected from an alkyl or alkenyl group 7 

_ _ cH;=c—iIt—o-R3—cri—R-‘ 
having 1 to 10 carbons. an aryl. alkaryl. and aralkyl l I 
group containing 6 to 10 carbons; any of said R1 OH 
groups optionally containing one or more ether 
oxygen atoms within aliphatic segments thereof 
and optionally containing one or more functional , 
substituents; - 

wherein: 
R1 is hydrogen or a monovalent hydrocarbon radical; 
R2 is selected from an alkyl or alkenyl group having 

R? is selected from the group consisting ofhydrogen. 
a monovalent hydrocarbon radical having from 1 
to 6 carbon atoms. and a monovalent hydrocarbon 
radical having from 1 to 6 carbon atoms and con 

] to 10 carbons. an aryl. alkaryl. and aralkyl group 
containing 6 to 10 carbons; any of said groups op 
tionally containing one or more ether oxygen 
atoms within aliphatic segments thereof and op 

mmng m has‘ one hydroXy group; 30 tionally containing one or more functional substitu 

(C) aqueous dispersion of colloidal silica. Fmsl 
R-‘ is selected from the group consisting of hydrogen, 

DETAILED DE’SCBWTIQN OF THE a monovalent hydrocarbon radical having from 1 
1~\\'E;\T1OY\ “ to 6 carbon atoms. and a monovalent hydrocarbon 

Component (A) of this not el composition comprises N radical having from 1 l0 6 Carbon atoms and CO" 
at least one acrylate monomer which contains two or mining 31 least one hydrox)’ gmup- The exact ha“ 
more functional groups selected from the group consist- lure of the Organic Portion of R2 is no‘ Crhical I0 
ing of acryloxy and methacryloxy groups. These multi- [he Operabihly of ‘his hwemloh- but Said Organic 
functional acrylate monomers may be used singly or in 40 Porlloh muSl “dude fuhcliohalhl' which would 
combination with other multifunctional acrylate mono- ' react with ehher ‘he aCTYlOXY or hydroxy function‘ 
mers Some preferred multifunctional acrylate mono- Elli)‘ lhel'eon- In Olhef Words. Ihe Organic POfllOn 
mers useable as component (A) include: diacrylates of of the R2 group serves only as a structure to link 
the formulas; the acryloxy functionality thereof with the hy 
l.b-hc.\anediol diacrylate, 45 droxy functionality thereof, and is preferably 
l.4-huianediol diacrylate. chemically inert. In this regard. the term “inert" 
ethylene glycol diacrylate. defines structures which will not interfere with 
diethylene glycol diacrylate. either the radiation curing of the acryloxy func 
tetraethylene glycol diacrylate. tional group or with the hydroxy functionality. 
tripropylene glycol diacrylate. 50 Among the hydroxy acrylates which may be uti 
neopentyl glycol diacrylate. 
1.4-butanediol dimethacrylate. 
polytbutanediol) diacrylate. 
tetracthylene glycol dimethacrylate. 

lized in the present invention are: 
acrylic acid 
Z-hydroxyethylacrylate 
Z-hydroxyethylmethacrylate 

lJ-butylene glycol diacrylate. 55 2~hydroxypropylacrylate 
triethylene glycol diacrylate. Z-hydroxyethylmethacrylate 
triisopropylene glycol diacrylate, 3-hydroxypropylacrylate 
polyethylene glycol diacrylate. 3-hydroxypropylcrotonate 
bisphenol A dimethacrylate, 3-hydroxypropylmethacrylate 
triacrylates of the formulas; 60 S-hydroxypentylacrylate 
trimethylolpropane triacrylate. Z-hydroxy-3-methacryloxypropylacrylate 
trimethylolpropane trimethacrylate, 2-hydroxy-3~acryloxypropylacrylate 
pentaerythritol monohydroxy triacrylate. 2-hydroxy-3-methacrylosypropylmethacrylate 
trimethylolpropane triethoxy triacrylate. Z-hydroxyethyl 2-octenoate 
tetraacrylates of the formulas; 65 Z-hydroxyethyl Z-pentylacrylate. 
pentaerythritol tetraacrylate. 
di-trimethylolpropane tetraacrylate, 
pentaacrylates of the formulas: 

These hydroxy acrylates are commercially available 
from Aldrich Chemical Company. Inc.. Milwaukee. 
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The second component (B) of this composition may 
also be a cyclic ether instead of a hydroxy acrylate. or 
it may be a mixture containing both organic com 
pounds. The cyclic ether. and mixtures thereof. has the 
general formula 

wherein: 
Rl is hydrogen or a monovalent hydrocarbon radical: 
R‘ is selected from an alkyl or alkenyl group having 

1 to 10 carbons. an aryl. alkaryl. and aralkyl group 
containing 6 to l0 carbons: any of said groups option 
ally containing one or more ether oxygen atoms within 
aliphatic segments thereof and optionally containing 
one or more functional substituents. The exact nature of 
the organic portion of R‘1 is not critial to the operability 
ofthis invention. but said organic portion must exclude 
functionality which would react with either the 
acryloxy or epoxy functionality thereon. In other 
words. the organic portion of the R‘ group serves only 
as a structure to link the acryloxy functionality thereof 
with the epoxy functionality thereof. and is preferably 
chemically inert. In this regard. the term “inert" de?nes 
structures which will not interfere with either the radia 
tion curing ofthe acryloxy functional group or with the 
epoxy group. Among the cyclic either acrylates which _ 
may be utilized in the present invention are: 
glycidylacrylate 
glycidylmethacrylate 
ethyleneglycolmonoacrylate 
diethyleneglycoldiacrylate 
tricthyleneglycoldiacrylate 
tetracthyleneglycoldiacrylate 
trimethylolpropanetriacrylate 
tetrahydroFurfurylmethacrylate 
l-b-Hexanedioldiacrylate. 
These cyclic ether compounds are commercially avail 
able from Aldrich Chemical Company. Inc.. Milwau 
kce. Wis. 
The third component (C) of this composition com 

prises silica in the form ofa colloidal dispersion. Colloi 
dal silica is a dispersion of submicron-sized silica (SiOg) 
particles in an aqueous or other solvent medium. The 
colloidal silicas used in this composition are dispersions 
ofsubmicron size silica (SiOg) particles in an aqueous or 
in a water/organic solvent mixture. Colloidal silica is 
available in acid or basic form. Either form may be 
utilized. An example of satisfactory colloidal silica for 
use in these coating compositions is Nalco 1034A colloi 
dal silica (Nalco 1034A), Nalco 1129 colloidal silica 
(Nalco I129). Nalco 2327 colloidal silica (Nalco 2327). 
Nalco 2326 colloidal silica (Nalco 2326). and Nalco 
I140 colloidal silica (Nalco 1140). which can be ob 
tained from Nalco Chemical Company. Naperville. IL. 
Nalco 1034A has a mean particle size of 20 nm and an 

SiOg content of approximately 34% by weight in water 
with a pH of approximately 3.1. Nalco 1129 has a mean 
particle size of 20 nm and an SiOg content of approxi 
mately 30% by weight in a solution of 409? isopropanol 
and 30% water. Nalco 2327 has a mean particle size of 
20 nm and an SiO; content of approximately 409? by 
weight in water with a pH of approximately 9.3. and 
ammonium as the stabilizing ion. Nalco 2326 has a mean 
particle size of 5 nm and an SiOg content of approxi 

10 
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6 
mately 145‘? by weight in water with a pH of approxi 
mately 9.0. and ammonium as the stabilizing ion. Nalco 
1140 has a mean particle size of 15 nm and an SiO; 
content of approximately 40‘? by weight in water with 
a pH of approximately 9.7. and sodium as the stabilizing 
ion. 

Other additives can be added to the compositions in 
order to enhance the usefulness of the coatings. For 
example. leveling agents. ultraviolet light absorbers. 
hindered amine light stabilizers (HALS). oxygen inhibi 
tors. dyes and the like. can be included herein. All of 
these additives and the use thereof are well known in 
the art and do not require extensive discussions. There 
fore. only a limited number will be referred to. it being 
understood that any of these compounds can be used so 
long as they do not deleteriously effect the radiation 
curing ofthe coating composition and do not adversely 
effect the transparency of the coating. 
A particularly desirable additive has been found to be 

a small amount ofa leveling agent. Leveling agents can 
be used on the substrates to cover surface irregularities 
and to aid in the uniform dispersion ofthe coating com 
position. These agents are especially useful in composi 
tions where all the solvent has been removed. For pur 
poses ofthe present invention. the addition of0.0l to 5.0 
percent commercial silicone glycol leveling agents. 
work well to provide the coating composition with 
desirable ?ow-out and wetting propertiesv 

Also useful as additives to the present coating compo 
sitions are UV absorbers and hindered amine light stabi 
lizersv UV absorbers and hindered amine light stabiliz 
ers act to diminish the harmful effects of UV radiation 
on the ?nal cured product and thereby enhance the 
weatherability. or resistance to cracking. yellowing and 
delamination of the coating. A preferred hindered 
amine light stabilizer is bis(1.2.2.6.6-pentamethyl-4 
piperidinyl) [3.5-bis(1.1-dimethylethyl-4-hydroxy 
phenyl)methyl]butylpropanedioate. available as Tim‘: 
vin @ 144. from ClBA-GEIGY Corporation, Haw 
thorne. NY. 

For the purpose of the present compositions the fol 
lowing UV absorbers and combinations thereof in con 
centrations of less than 20 weight percent based on the 
total composition. have been shown to produce desir 
able results: bis(l.2.2,6,6-pentamethyl-4 
piperidinyl)(3.5-bis(1.l-dimethylethyl 1-4-hydroxy 
phenyl)methyl)butylpropanedioate. Z-eIhyIhexyl-Z 
cyano-3.3'-diphenylacrylate, 2-hydroxyl-4-n-octox 
ybenzophenone. 2-(2'-hydroxy-5'-methylphenyl)benzo 
triazole. poly(oxy-1,2~ethanediyl). alpha-(3-(3-(2H-ben 
zotriazol-2—yl)-5-(l.1-dimethylethyl)-4-hydroxyl 
phenyl)-l-oxopropyl)-omega-hydroxy, and Uvinul® 
D-SO and MS-40. sold by BASF Wyandotte Inc., Par 
sippany. NJ. Concentrations of UV absorbers, how 
ever, in the range of I to 5 percent based on the total 
weight of the composition are preferred. 

Incorporating UV absorbers into the instant composi 
tions will permit the curing process regardless of 
whether UV or electron beam radiation is used to cure 
the composition. However, in the situation where UV 
radiation is to be used to cure the composition, the 
amount of UV absorbers added must be carefully con 
trolled so as not to hinder the cure. This limitation does 
not exist in the case of electron beam radiation cure. 

In the practice of the present invention, the radiation 
curable compositions can be made by combining the 
acrylate monomers and organic compounds with a 
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giyen quantity of alcohol. Generally. the manner in 
w hlkh these components are mixed together is not im 
portant. A small amount of a carboxylic acid may. op 
tionally. be added dropwise to the mixture. Suitable 
carboxylic acids include. for example. acetic acid. pro 
pionic acid and benzoic acid. etc.. The colloidal silica is 
then added while agitation is applied to the mixture. 
After allowing the mixture to stand for a period oftime. 
the volatiles may optionally be removed under reduced 
pressure and/or the mixture may. be ?ltered. 
According to the coating process of the present in 

ventton. the above described compositions are coated 
on a substrate using conventional coating techniques 
modi?ed as appropriate to the particular substrate. For 
example. these compositions can be applied to a variety 
of solid substrates by methods such as roller coating. 
flow coating. dip coating. spin coating. spray coating 
and curtain coating. These various methods of coating 
allow the compositions to be placed on the substrate at 
variable thicknesses thus allowing a wider range of use 
of the compositions. Coating thicknesses may vary. but 
for improved abrasion resistance coating thicknesses of 
2-25 microns. preferably about 5 microns. are re 
commeded. The compositions are then cured by either 
ultraviolet or electron beam radiation. 
The compositions may be ultraviolet light cured if 

one or more photoinitiators is added prior to curing. 
Oxygen inhibitors. which are materials used in conjunc 
tion with photoinitiators that increase their ef?ciency. 
may also be added. An example of a preferred oxygen . 
inhibitor is Z-ethylhexyl-para-dimethylaminobenzoate. 
available as Llvatone 8303. from The UpJohn Com 
pany. North Haven. CT. 
There are no special restrictions on the radical-type 

photoinitiators as long as they can generate radicals by 
the absorption of optical energy. Ultraviolet light sensi 
tive photoinitiators or blends of initiators which may be 
used in the UV cure of the present composition include 
l-Hydroxy-Z-methyl-l-phenyl-propan-l-one (Daro 
cur 1173). sold by EM Industries. lnc.. Hawthorne. 
New York. and ll-Dintethoxy-Z-phenyl-acetyl-phe 
none tlrgacure® 65l). sold by Ciba-Geigy Corpora 
tion. Hawthorne. New York. In addition. cationic-type 
photoinitiators such as Cyracure CV] 6974 or UVI 
6990. sold by Union Carbide Corporation. Danbury. 
CT.. may also be used in conjunction with the radical 
type photoinitiators. For purposes of this invention. it 
has been found that from 0.05 to 5 weight percent based 
on the total solids in the composition. ofthe photoinitia 
tors described herein will cause the composition to 
cure. 

Alternatively. the coating composition may be elec 
tron beam radiation cured. Electron beam sources of 
various types such as van de Graaff-type, resonance 
transformer-type. linear-type, dynatron-type. and high 
frequency-type can be used as a source of electron 
beam. Electron beam having energy of from S0 to 1000 
KeV. preferably from 100 to 300 KeV discharged there 
from. may be irradiated in a dose of from 0.1 to 10.0 
Mega Rads (MR). A particularly preferred source of 
electron beam is one wherein a continuous curtain-like 
beam is irradiated from linear ?laments. Examples of 
commercially available sources of electron beams are 
Electro Curtain CB-l50 available from Energy Sci 
ences Inc. and NP-ESH 150 available from Otto Durr. 
The curable composition obtained in the process of 

the present invention is coated on the surface of a sub 
strate (e.g.. polycarbonate. etc.). After said composition 

40 
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8 
has been ultraviolet light or electron beam treated. a 
cured coating ?lm is formed. 
By choice of the proper formulation and application 

conditions including the optional use of a leveling 
agent. the compositions can be applied and will adhere 
to substantially all solid substrates. Substrates which are 
especially contemplated herein are transparent and non 
transparent plastics and metals. More particularly. these 
plastics are synthetic organic polymeric substrates such 
as acrylic polymers like poly(methylmethacrylate); 
polyesters. such as poly(ethlene terephthalate). poly 
(butylene terephthalate). etc: polyamides: polyimides: 
acrylonitrile-styrene copolymers; styrene-acrylo 
nitrile-butadiene copolymers; polyvinyl chloride; buty 
rates: polyethylene; polyoleftns and the like including 
modifications thereof. The compositions of this inven 
tion are especially useful as transparent coatings for 
polycarbonates such as poly(bisphenol-A carbonate) 
and those polycarbonates known as Lexan ®. sold by 
General Electric Company. Schenecctady. NY. and as 
coatings for acrylics such as polymethylmethacrylates. 
Metal substrates on which the present compositions are 
also effective include bright aitd dull metals like alumi 
num and bright metallized surfaces like sputtered chro 
mium alloy. Other solid substrates contemplated herein 
include wood. painted surfaces. leather. glass. ceramics. 
textiles and paper. 
The apparatus and testing procedures used for the 

results shown herein are as follows: 

ABRASION TEST (TABOR TEST) 

Abrasion resistance was determined according to 
ASTM Method D-l044. The instrument used was a 
Teled yne Taber model 503 Taber Abraser with two 250 
gram auxiliary weights (500 gram load) for each of the 
CSlOF abrasive wheels. The acrylic and polycarbonate 
test panels were subjected to 100 and 500 cycles on the 
abraser turntable. The percent change in haze which is 
the criterion for determining the abrasion resistance of 
the coating is determined by measuring the difference in 
haze of the unabrased and abrased coatings. Haze is 
de?ned as the percentage oftransmitted light which. in 
passing through the sample. deviates from the incident 
beam by forward scattering. In this method. only light 
flux that deviates more than 2.5 degrees on the average 
is considered to be haze. The percent haze on the coat 
ings was determined by ASTM Method D1003. A 
Gardner Haze Meter was used. The haze was calculated 
by measuring the amount of diffused light, dividing by 
the amount of transmitted light and multiplying by one 
hundred. 

ADHESION TEST 

Adhesion was measured by cross-hatch adhesion. A 
series of cross-hatch scribes are made in an area of one 
square inch with lines to form l/10 inch squares. This 
surface is covered with 1.0 inch No. 600 Scotch Brand 
adhesive tape which is pressed down ?rmly over the 
cross-hatched area. The tape is withdrawn from the 
surface of the substrate with one rapid motion at about 
a 90° angle. This action of applying and removing the 
tape is carried out three times and then the substrate is 
observed. The number of squares remaining intact on 
the substrate are reported as a percentage of the total 
number of squares on the grid. 
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STEEL WOOL TEST 

A two inch square of 0000 steel wool was applied 
over the face of a 24 oz. hammer and was secured with 
a rubber band. Coated sample blanks were tested for 
scratch resistance to 20 double rubs across the center of 
the sample with the weighted steel wool. The hammer 
is heEd by the end ofits handle such that the majority of 
the pressure on the steel wool comes from the hammer 
head. The sample is graded according to the amount of 
scratching produced by the steel wool and hammer. 
The absence of scratches on the sample is graded a l: 
slight scratching is graded a Z and heavy scratching is 
graded a 3. 

PENCIL TEST 

This test is meant to be a qualitative method of deter 
mining scratch resistance ofa coating. A coated panel is 
placed on a ?rm horizontal surface. A pencil is held 
?rmly against the ?lm at a 45° angle (point away from 
the operator) and pushed away from the operator in a 
§-in. 165mm) stroke. The process is started with the 
hardest lead pencil and continued down the scale of 
hardness to the pencil that will not cut into or gouge the 
?lm. The hardes pencil that will not cut through the" 
?lm to the substrate for a distance ofat least 1.- in. (3 mm) 
is reported according to the following scale from Berol 
Corporation. Brentwood. TN; 

ifter harder 
hB..‘ll.4B.3B.ZB. liHB. F. H. 111. FH.411. 511.611.7141. 8H.9H 

The HB grade is approximately equal to that of a #2 
pencil. The F grade is slightly harder and is the one 
most commonly used. The H grades are harder than 
that and get progressively harder up through the 9 H 
grade which is very hard. The B grade is softer than the 
H13 grade and get progressively softer through the 6 B 
grade which is very soft. 

In order that those skilled in the art may better under 
stand how to practice the present in\ ention. the follow 
ing examples are given by way ofillustration and not by 
\\ ay of limitation. All parts and percentages in the ex 
amples are on a weight basis. 

EXAMPLE 1 

A mixture of 1.73 g of glycidylacrylate. 4.50 g of 
trimethylolpropanetriacrylate and 51.46 g of isopropa 
nol. was prepared. To this mixture was added 0.23 g of 
glacial acetic acid. The mixture was then allowed to 
stand for ?ve minutes. Next, 11.24 g of Nalco 1034A 
was added while the mixture underwent agitation. The 
mixture was then allowed to stand for 24 hours. before 
being ?ltered through a ?ve micron ?lter. The ?ltered 
sample was ?ow coated onto a 4X4 polycarbonate 
panel and allowed to air dry for ?ve minutes. The sam 
ple was cured by electron beam under 4MR. 16OKeV 
electron dose at a belt speed of 68 feet per minute under 
a six inch wide electron beam operated with a 4 milli 
amp electron current in a nitrogen atmosphere contain 
ing 200 ppm oxygen. The test results are summarized in 
Table 1. 

EXAMPLE 2 

A mixture of 1.89 g of glycidylmethacrylate. 4.34 g of 
trimethylolpropanetriacrylate and 51.46 g of isopropa 
nol. was prepared. To this mixture was added 0.23 g of 
glacial acetic acid. The mixture was then allowed to 
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stand for ?ve minutes. Next. 11.24 g of Nalco 1034A 
was added while the mixture underwent agitation. The 
mixture was then allowed to stand for 24 hours. before 
being ?ltered through a ?ve micron ?lter. The ?ltered 
sample was How coated onto a 4 ‘x14 polycarbonate 
panel and allowed to air dry for ?ve minutes. The sam 
ple was cured by electron beam under 4MR. 160Ke\' 
electron dose at a belt speed of 68 feet per minute under 
a six inch wide electron beam operated with a 4 milli 
amp electron current in a nitrogen atmosphere contain 
ing 200 ppm oxygen. The test results are summarized in 
Table 1. 

EXAMPLE 3 

A mixture of 2.07 g of hydroxyethylacrylate. 4.16 g 
of trimethylolpropanetriacrylate and 51.46 g of isopro 
panol. was prepared. To this mixture was added 0.23 g 
of glacial acetic acid. The mixture was then allowed to 
stand for ?ve minutes. Next. 11.24 g of Nalco 1034A 
was added while the mixture underwent agitation. The 
mixture was then allowed to stand for 24 hours. before 
being ?ltered through a five micron ?lter. The ?ltered 
sample was flow coated onto a 4 .v 4 polycarbonate 

~~ panel and allowed to air dry for ?ve minutes. The sam 
ple was cured by electron beam under 4MR. l6OKeV 
electron dose at a belt speed of 68 feet per minute under 
a six inch wide electron beam operated with a 4 milli 
amp electron current in a nitrogen atmosphere contain 
ing 200 ppm oxygen. The test results are summarized in 
Table 1. 

EXAMPLE 4 

A mixture of 1.30 g of acrylic acid. 4.93 g of trime 
thylolpropanetriacrylate and 51.46 g of isopropanol, 
was prepared. To this mixture was added 0.23 g of 
glacial acetic acid. The mixture was then allowed to 
stand for ?ve minutes. Next. 11.24 g of Nalco 1034A 
was added while the mixture underwent agitation. The 
mixture was then allowed to stand for 24 hours. before 
being ?ltered through a ?ve micron ?lter. The ?ltered 
sample was ?ow coated onto a 4 X4 polycarbonate 
panel and allowed to air dry for ?ve minutes. The sam 
ple was cured by electron beam under 4MR, l6OKeV 
electron dose at a belt speed of 68 feet per minute under 
a six inch wide electron beam operated with a 4 milli 
amp electron current in a nitrogen atmosphere contain 
ing 200 ppm oxygen. The test results are summarized in 
Table 1. 

EXAMPLE 5 

A mixture of 2.07 g of hydroxyethylacrylate. 4.16 g 
of trimethylolpropanetriacrylate and 51.46 g of isopro 
panol. was prepared. This mixture was allowed to stand 
for ?ve minutes. Next, 11.24 g of Nalco 1034A was 
added while the mixture underwent agitation. The mix 
ture was then allowed to stand for 24 hours, before 
being ?ltered through a ?ve micron ?lter. The ?ltered 
sample was flow coated onto a 4 X4 polycarbonate 
panel and allowed to air dry for ?ve minutes. The sam 
ple was cured by electron beam under 4MR, 160KeV 
electron dose at a belt speed of 68 feet per minute under 
a six inch wide electron beam operated with a 4 milli 
amp electron current in a nitrogen atmosphere contain 
ing 200 ppm oxygen. The test results are summarized in 
Table l. 
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EXAMPLE 6 

A mixture of 2.07 g of hydroxyethylacrylate. 4.16 g 
of trimethylolpropanetriacrylate and 51.46 g of isopro 
panwl. was prepared. This mixture was allowed to stand 
for ?ve minutes. Next. 1124 g of Nalco 1034A was 
added while the mixture underwent agitation. To 10.0 g 
of this mixture was added 0.11 g of 2-Hydroxy-2-meth 
yl-l-phenyl-propan-l-one (Darocur ( @l 1173). sold by 
EM Industries. Inc.. Hawthorne. New York. This mix 
ture was flow coated onto a 4‘): 4 polycarbonate panel. 
which was allowed to air dry for 5 minutes. The coated 
polycarbonate sample was then UV cured by passing 
the sample through a medium pressure mercury vapor 
arc lamp with an average intensity of 91.56 mW/cm2 at 
a line speed ofthrec feet per minute. The test results are 
summarized in Table 1. 

EXAMPLE 7 

A mixture of 2.07 g of hydroxyethylacrylate. 4.16 g 
of trimethylolpropanetriacrylate and 51.46 g of isopro 
panol. was prepared. This mixture was allowed to stand 
for ?ve minutes. Next. 11.24 g of Nalco 1034A was 
added while the mixture underwent agitation. To 10.0 g 
of this mixture was added 0.11 g of Z-Hydroxy-Z-meth 
yl-l-phenyl-propan-l-one (Darocur® 1173). sold by 
EM Industries. Inc. Hawthorne. NY. and 0.02 g of 
2-ethylhexyl~para-dimethylaminobenzoate. (Uvato 
ne 8303). from The UpJohn Company. North Haven. 
CT. This mixture was ?ow coated onto a 4?" 4 polycar- . 
bonate panel. which was allowed to air dry for 5 min 
utes. The coated polycarbonate sample was then L'V 
cured by passing the sample through a medium pressure 
mercury vapor arc lamp with an average intensity of 
91.56 mW/cmI at a line speed of three feet per minute. _ 
The test results are summarized in Table 1. 

EXAMPLE 8 

A mixture of 2.07 g of hydroxyethylacrylate. 4.16 g 
of trtmethylolpropanetriacrylate and 51.46 g of isopro 
panol. was prepared. This mixture was allowed to stand 
for ?ve minutes. Next. 11.24 g of Nalco 1034A was 
added while the mixture underwent agitation. To 10.0 g 
ofthis mixture was added 0.04 g of Uvinol ® D-50. sold 
by BASE \\'_vandotte lnc.. Parsippany. NJ. and 0.03 g 
of Tinuvin ® 144. from Ciba-Geigy Corporation. Haw 
thorne. NY. This mixture was flow coated onto a 4X4 
polycarbonate panel. which was allowed to air dry for 
5 minutes. The coated polycarbonate sample was cured 
by electron beam under 4MR. 160KeV electron dose at 
a belt speed of 68 feet per minute under a six inch wide 
electron beam operated with a 4 milliamp electron cur 
rent in a nitrogen atmosphere containing 200 ppm oxy 
gen. The test results are summarized in Table 1. 

EXAMPLE 9 

A mixture of 2.07 g of hydroxyethylacrylate. 4.16 g 
of trimethylolpropanetriacrylate and 51.46 g of isopro 
panol. was prepared. This mixture was allowed to stand 
for ?ve minutes. Next. 11.24 g of Nalco 1034A was 
added while the mixture underwent agitation. To 10.0 g 
of this mixture was added 0.04 g of Uvinul @ MS-40. 
sold by BASF Wyandotte 1nc.. Parsippany. NJ. and 
0.03 g of @ Tinuvin 144. from Ciba-Geigy Corpora 
tion. Hawthorne. NY. This mixture was ?ow coated 
onto a 4 X4 polycarbonate panel. which was allowed to 
air dry for 5 minutes. The coated polycarbonate sample 
was cured by electron beam under 4MR. l60KeV elec 
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tron dose at a belt speed of 68 feet per minute under a six 
inch wide electron beam operated with a 4 milliamp 
electron current in a nitrogen atmosphere containing 
200 ppm oxygen. The test results are summarized in 
Table 1. 

EXAMPLE 10 

A mixture of 2.07 g of hydroxyethylacrylate. 4.16 g 
of trimethylolpropanetriacrylate and 51.46 g of isopro 
panol. was prepared. This mixture was allowed to stand 
for ?ve minutes. Next. 11.24 g of Nalco 1034A was 
added while the mixture underwent agitation. To 10.0 g 
ofthis mixture was added 0.04 g of bisphenol A dimeth 
acrylate. sold by Aldrich Chemical Company. Inc.. 
Milwaukee. W1. and 0.03 g of Tinuvin® 144. from 
Ciba-Geigy Corporation. Hawthorne. NY. This mix 
ture was flow coated onto a 4 X4 polycarbonate panel. 
which was allowed to air dry for 5 minutes. The coated 
polycarbonate sample was cured by electron beam 
under 4MR. 160Ke\’ electron dose at a belt speed of 68 
feet per minute under a six inch wide electron beam 
operated with a 4 milliamp electron current in a nitro 
gen atmosphere containing 200 ppm oxygen. The test 
results are summarized in Table 1. 

EXAMPLE 1] 

A mixture of 2.07 g of hydroxyethylacrylate. 4.16 g 
of trimethylolpropanetriacrylate and 25.23 g of isopro 
panol. was prepared. This mixture was allowed to stand 
for ?ve minutes. Next, 12.73 g of Nalco 1129 was added 
while the mixture underwent agitation. The mixture 
was then allowed to stand for 24 hours. before being 
?ltered through a ?ve micron ?lter. The ?ltered sample 
was How coated onto a 4><4 polycarbonate panel and 
allowed to air dry for 5 minutes. The coated polycar 
bonate sample was cured by electron beam under 4MR. 
160KeV electron dose at a belt speed of 68 feet per 
minute under a six inch wide electron beam operated 
with a 4 milliamp electron current in a nitrogen atmo 
sphere containing 200 ppm oxygen. The test results are 
summarized in Table I. 

TABLE 1 

Pftlpcl’llc‘k of Coated l’oltcarbonate 
ADHE- ABRASION 

Coating SlON STEEL PENCIL TEST 

Compositions TEST WOOL TEST '7, Him ‘7? H500 

Example 1 l0‘? 2 B 3.5 12.6 
Example 2 100‘? 2 B 10.1 20.1 
Example 3 100‘; 2 F 1.9 9.0 
Example 4 100% 1 F 1.9 10.2 
Example 5 100% 2 HB 1.8 7.4 
Example 6 1009': 1 F 0.2 4.7 
Example 7 1009': 2 H13 0.0 3.7 
Example 8 100% 2 HB 3.7 11.3 
Example 9 100% 2 HB 6.7 12.8 
Example 10 1(X)‘7r 2 HB 3.2 10.0 
Example 11 1000? 2 HB 03 3.2 

As the results in Table 1 clearly indicate, silane free, 
abrasion resistant coating compositions comprising mul 
tifunctional acrylates. speci?ed organic compounds and 
aqueous colloidal silica may be easily manufactured. 
Furthermore. excellent results were obtained whether 
the coating compositions were cured by ultraviolet 
light or by electron beam radiation. 
Many variations will suggest themselves to those 

skilled in this art in light of the above detailed descrip 
tion. All such obvious modi?cations are within the full 
intended scope of the appended claims. 
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What is claimed is: 
1. A silane free radiation curable coating composition 

consisting essentially‘ of: 
(A) at least one multifunctional acrylate monomer; 
(B) an acrylic monomer selected from the group 

consisting of 

and mixtures thereof; wherein: 
R3 is hydrogen or a monoyalent hydrocarbon radical: 
R: and R4 are selected from an alkyl or alkenyl group 

having I to l0 carbons. an aryl. alkaryl. and aralkyl 
group containing 6 to 10 carbons: 

R7‘ is selected from the group consisting of hydrogen. 
a monovalent hydrocarbon radical having from 1 
to 6 carbon atoms. and a monoy'alent hydrocarbon 

radical having from 1 to 6 carbon atoms and con 
taining at least one hydroxy group: 

(C) aqueous dispersion of colloidal silica. 
2. A composition claimed in claim 1 wherein compo 

nent (A) is a mixture of hexanedioldiacrylate and trime 
thylolpropanetriacrylate. 

3. A composition as claimed in claim 1 wherein com 
ponent (A) is a mixture of hexanedioldiacrylate and 
bisphenol A dimethacrylate. 

4. A composition as claimed in claim 1 wherein com‘ 
ponent (B) is an acrylic monomer selected from the 
group consisting of acrylic acid. Z-Hydroxyethylacry 
late. 'l-Hydroxyethylmethacrylate. glycidylmethacry 
late. glycidylacrylate. and mixtures thereof. 

5. A composition as claimed in claim 4 wherein the 
acrylic monomer (B) is acrylic acid. 

6. A composition as claimed in claim 4 wherein the 
acrylic monomer (B) is Z-hydroxyethylacrylate. 

45 
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7. A composition as claimed in claim 4 wherein the 

acrylic monomer (B) is 2-hydroxyethylmethacrylatev 
8. A composition as claimed in claim 4 wherein the 

acrylic monomer (B) is glycidylmethacrylate. 
9. A composition as claimed in claim 4 wherein the 

acrylic monomer (B) is glycidylacrylate. 
10. A composition as claimed in claim 1 wherein 

component (C) is an aqueous dispersion of colloidal 
silica. 

11. A composition as claimed in claim 1 wherein 
component (C) is a dispersion of colloidal silica in an 
organic solvent and water. 

12. A composition as claimed in claim 11 wherein the 
organic solvent is isopropanol. 

13. A composition as claimed in claim 1 which addi 
tionally contains a carboxylic acid. 

14. A composition as claimed in claim 13 in which the 
carboxylic acid is acetic acid. 

15. A composition as claimed in claim 1 which addi 
tionally contains one or more UV absorbers. 

16. A composition as claimed in claim 15 which con 
tains up to 20‘)? UV absorbers. 

17. A composition as claimed in claim 15 wherein said 
L'V absorbers are selected from the group. consisting of 
bis( l.2.2.6.6-pentamethyl-4-piperidinyl )(3.5-bis( l . l - 
dimethylethyl 1‘4-hydroxyphenyl)methyl)butylpro 
panedioate. Z-ethylhexyl-2-cyano-3.3'-diphenylacry 
late. 2-hydroxyl-4-n-octoxybenzophenone. 2-(2' 
hydroxy-S'-methylphenyl)benzotriazole and poly(oxy 
l.2-ethanediyl). alpha-(3-(3-(2H-benzotriaz0l-2-yl)-5 
(Ll-dimethylethyl )-4-hydroxylphenyl)- l -oxopropyl) 
omega-hydroxy. Uvinul® D-SO and MS-40. sold by 
BASF Wyandotte Inc., Parsippany. l\'.J.. and combina 
tions thereof. 

18. A composition as claimed in claim 1 which addi 
tionally contains one or more hindered amine light 
stabilizer. 

19. A composition as claimed in claim 18 wherein the 
hindered amine light stabilizer is bis(l,2.2,6.6-pen 
tamethyl-4-piperidinyl)[3.5-bis( l. l -dimethylethyl-4 
hydroxyphenyl)methyl]butylpropanedioate. 

20. A composition as claimed in claim 1 which addi 
tionally contains one or more oxygen inhibitors. 

21. A composition as claimed in claim 20 wherein the 
oxygen inhibitor is Z-cthylhexyl-para-dime 
thylaminobenzoate. 
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